Promoter probe plasmids that can integrate into the chromosome via homologous recombination are an important tool in studying gene regulation. These vectors have proved useful in identifying bacterial genes that are specifically expressed during infection of cultured cells or animal models. A common system that is used is in vivo expression technology (IVET) (9) . The original IVET-based vectors involve cloning random chromosomal DNA fragments upstream of a promoterless purAgene (9) .
Bacterial genes, which are active during infection, are identified by the ability of their cognate promoters to effect the complementation of a purA auxotroph. One disadvantage of these systems is the requirement for a bacterial strain containing a nonrevertable auxotrophic mutation. This potential drawback can be circumvented by using a promoterless antibiotic resistance gene and selecting for bacterial co-integrate clones that resist antibiotic challenge during infection (10) . A promoterless chloramphenicol acetyltransferase ( cat ) gene has been found to be useful in this respect, especially for studying pathogens that can adopt an intracellular lifestyle, as chloramphenicol can penetrate mammalian cells (10, 16) . Plasmids such as pIVET8 and pGY2 (10, 16) , which contain the bla gene (and also the aadAgene in the case of pGY2), are only useful in Gram-negative bacteria that are sensitive to β -lactams and streptomycin. However, many pathogenic bacteria, such as members of the genus Burkholderia, exhibit high levels of resistance to both antibiotics. Here, we describe the construction and use of a promoter probe suicide vector that contains a trimethoprim resistance marker, which allows selection in many bacteria that are naturally resistant to most β -lactams and aminoglycosides.
The promoter probe vector pKK232-8 (Amersham Pharmacia Biotech, Little Chalfont, UK) contains a 660-bp promoterless catgene preceded by stop codons in all three reading frames (1). Using oligonucleotide primers designed to incorporate single BamHI, Kpn I, Sma I, Bgl II and Xba I sites upstream of cat and a restriction site for Xho I downstream of cat , the complete polypeptide coding sequence, together with its cognate ribosome binding site but excluding the stop codons, was amplified by PCR (13) . The primers used were: catf, 5 ′ -GCGGGATCCGGTACCCGGGAG -ATCTTCTAGAAGGAGCTA AGGAA -GCTAA-3 ′ and catr, 5 ′ -GCGCTCGA -GCAC TTATTCAGGCGTAGC-3 ′ ( cat Shine-Dalgarno and stop codon sequences are underlined). The 880-bp PCR product was digested with Bam HI and Xho I and cloned between the compatible Bgl II and Sal I sites of the mobilizable suicide vector pUTmini-Tn5Cm (3) to create pGS18. This step resulted in substitution of the promoterless cat cassette for the mini-Tn5Cm transposon and adjacent tnp gene. Although pGS18 confers resistance to β -lactams, to permit selection of this plasmid in a wide range of Gram-negative bacteria, an additional antibiotic marker was added. p34E-Tp (2) was digested with Kpn I to release the dfr gene, encoding resistance to trimethoprim, which was then cloned into the Kpn I site of pGS18. Plasmid clones were selected in which the trimethoprim cassette was inserted in the opposite transcriptional orientation to cat , thus preventing read-through transcription into cat from the dfr promoter. One such derivative, pGSTp, is shown in Figure 1A . pGSTp contains the origin of replication of R6K and can therefore only be maintained as an extrachromosomal element in hosts harboring a copy of the pirgene (encoding the π replication protein) (4). However, derivatives of this plasmid, which contain cloned bacterial chromosomal DNA, can be maintained in bacteria that are devoid of pirby integration into the host chromosome following recombination between homologous sequences on the plasmid and on the bacterial chromosome. The vector also contains the conjugal origin of transfer of RP4, which facilitates mobilization of the plasmid to other Gram-negative bacteria when the RP4 mobilization functions are provided in trans (15) .
To examine the usefulness of this vector for promoter analysis, we used it to monitor the regulation of the cysT , cysW and cysAgenes of Burkholderia cepacia , which were recently identified in our laboratory (K.L. Farmer and M.S. Thomas, unpublished observations). These genes are functional homologues of the cysTWAgenes of E. coli , which encode an ABC transporter (sulfate permease) involved in sulfate uptake (6, 8) . In E. coli , these genes are induced by sulfur limitation, whereas L-cysteine acts indirectly as an anti-inducer of cys regulon expression (5). A 1.2-kb Hin dIII-Sma I fragment from the B. cepaciagenome, containing a 3 ′ segment of cysW and a 5 ′ segment of the adjacent cysAgene, was filled-in with DNA polymerase I Klenow fragment (Life Technologies, Paisley, UK) and cloned into the Sma I site of pGSTp in the same orientation as cat ( Figure 1B) . The resultant plasmid, pGSTp-cys, was mobilized into B. cepacia715j (11) by conjugation using E. coli BW19851 (12) . B. cepaciaexconjugants harboring pGSTp-cys were selected on Iso -sensitest agar (Oxoid, Basingstoke, UK) containing trimethoprim (50 µ g/ mL) and kanamycin (50 µ g/mL) and appeared at a frequency of 2 ×10 -6 per recipient. Using the trimethoprim resistance cassette as a probe, Southern blotting was carried out on genomic DNA purified from 12 randomly selected exconjugants. The results (not shown) demonstrated that in all cases, the plasmid had integrated at the cysAlocus of the 715j genome, placing cat under control of the cys promoter ( Figure 1B) .
The usefulness of this vector for promoter analysis was examined in two ways. First, we confirmed that cat expression was under cys promoter control by demonstrating that the chloramphenicol resistance of the co-integrate strains was regulated according to sulfate availability (Figure 2A) . Thus, the minimum inhibitory concentration (MIC) of 715j (pGSTp-cys) for chloramphenicol on M9 minimal agar containing glucose is 90 µ g/mL (the sulfate content in standard M9 medium is 1 mM, supplied in the form of MgSO 4 ), whereas on M9 agar containing a low concentration of sulfate (0.1 mM), the MIC for chloramphenicol was 200 µ g/mL (the magnesium ion content was maintained at 1 mM by supplementation with 0.9 mM MgCl 2 ). In contrast, when standard M9 minimal agar was supplemented with cysteine (40 µ g/ mL), which bypasses the requirement for exogenously added sulfate, the MIC for chloramphenicol was the same as the parent strain (40 µ g/mL).
In a second experiment, the variation in transcriptional activity of cysA in response to exogenously added sulfate was quantitated by measuring CAT activity in 715j cells harboring the pGSTp-cys co-integrate (7, 14) . When cells were grown in standard M9 medium, CAT activity was 0.11 U. Further inducing cyspromoter activity by reducing the level of sulfate to 0.1 mM resulted in an increase in CAT activity to 0.41 U. When cysteine was added to standard M9 media, cat expression was repressed 20-fold (CAT activity 0.02 U) relative to fully induced levels (Figure 2B) . The results indicate that, as in E. coli , the activity of the cysTWAlocus in B. cepaciais regulated by the availability of sulfur.
In conclusion, we have constructed a more versatile mobilizable promoter probe suicide vector for the generation 
